China's land use has undergone many changes over the past 300 years due to the significant transformations caused by natural and human factors and their impact on regional climate and the environment. This comprehensive review of recent state-of-the-art studies of China's land-use changes during that period concentrates on cropland, forest, grassland and urban areas. While most small-scale studies have reconstructed information from historical archive data and focused on a specific time period, large-scale studies have tended to rely on inverse modeling techniques to interpret land-use change dynamics based on remote-sensing data for example, the global land-use products of the History Database of the Global Environment (HYDE) and Center for Sustainability and the Global Environment (SAGE) datasets. All studies have shown that the cropland areas in China increased between 1700 and 1950, although they indicate different magnitudes and rates. A decrease in forest coverage was also reported in all studies. Little information was available on urban and grassland areas over the same period. Rapid urbanization in China has been particularly evident in the past 50 years. Meanwhile, spatially explicit reconstructions of historical land-use change in China since 1700 remain highly uncertain due to the lack of reliable data. Extensive work on primary data collection is required, including land-use records and drivers for future change.
potential impact on the environment and human society, it is crucial to be aware of past trends. Understanding past human-climate-environment interactions is essential for assessing the vulnerability of landscapes and ecosystems to the effects of future climate change (McGregor et al., 2009) . A key question for investigation in LUCC research has therefore been: how has land use changed in the past, and what were the mechanisms that led to these changes?
Reconstruction of historical LUCC relies on historical archives or inverse modeling, or a combination of the two, briefly described below:
(1) Historical archives. Using historical archives to reconstruct LUCC relies on the extraction of LUCC information from historical documents and writings (Ge et al., 2008a; Ye et al., 2009a) . The difficulty of this method lies in indirectly obtaining LUCC information from a wide range of documents that have been compiled using different resources during different historical periods. Furthermore, the available data does not relate to large areas, and is focused on specific time periods. For example, the valuable records of federal land taxes have commonly been used to interpret historical cropland areas, but they vary with geographical location, political administration, land quality, accounting method and economic background. (2) Inverse modeling. Inverse (mathematical) models are mainly developed from known mechanisms of LUCC and known relationships between population and land use, and therefore rely heavily on the quality of the historical data, the precision of the remote-sensing data and the accuracy of the algorithm(s) used. This technique generally provides long-term data on land-use change, but only on a large scale. An example is the global historical land-use SAGE database (Ramankutty and Foley, 1999) , which has been widely applied in global LUCC studies (Brovkin et al., 2004; Pongratz et al., 2008) . (3) Combined techniques. Recent attempts at understanding historical LUCC have focused on combining the results from the above two methods, thereby engaging global datasets in regional studies (Li et al., 2010; Klein Goldewijk et al., 2011) . Ramankutty and Foley (1999) calibrated the International Geosphere-Biosphere Programme (IGBP) 1 km-resolution Global Land Cover Characterization (GLCC) dataset against cropland inventory data from 1992 to create a continuous global data set for cultivated land. The data was then extrapolated backwards in time using hindcast modeling by combining it with a compilation of historical cropland inventory data to create a dataset of croplands for the period 1700 to 1992 (Klein Goldewijk et al., 2010) . The HYDE dataset has been continually updated (latest version 3.1) by incorporating more detailed and reliable inventory data of population and land-use data from various sources (Klein Goldewijk et al., 2011) .
China occupies the third-largest land area in the world and supports about 22% of the world's population with only 7% of the world's total arable land (Yu et al., 2012) . China was one of the world's first cultivated areas. It has responded to the rapid population growth of the past 300 years by an unprecedented expansion of its agricultural land (Klein Goldewijk, 2005) . The significance is that, in pre-industrial times, the expansion of agriculture was probably the dominant process by which humankind altered the Earth's systems, although little is known about the extent, timing or spatial patterns of these changes (Pongratz et al., 2008) . Fortunately, a significant store of valuable documents survives, helping us to characterize and understand these changes (Houghton and Hackler, 2003; Liu et al., 2005a; Ye et al., 2006; Ge et al., 2008a) .
Although great progress has been made, large gaps remain in high-resolution temporal and spatial historical land use reconstructions for China. In the present study, we have collected all available historical land-use datasets, including cropland, forest, grassland and urban area, to provide the first comprehensive overview of historical land use changes in China. Unused land, shrublands or grazing land is not included due to the lack of information data. One of the key objectives of the study was to identify gaps in the research and propose priorities for future studies.
Data sources
The datasets used in this study listed in Table 1 include all the available land-use datasets covering the past 300 years (approximately 1700-2000) for all spatial units in China (province, region and county). These were obtained from Web of Science, Google Scholar and the Chinese literature-search database Chinese National Knowledge Infrastructure (CNKI), using a combination of keywords including China, land use, history, 300 years, cropland, forest, urban and grassland. In this study, most of the datasets, except the global datasets, are denoted by the author's name; the references are listed in Table 1 along with the number allocated to them in the reference list (D1-D34). Most of the data concerns crops and forest; little information is available for urban and grassland areas. The spatial coverage of the regional datasets is presented in Fig. 1 . A number of regions are covered by several studies at various resolutions, while some regions, such as north-western China, have a limited coverage. Notably, the definitions of land-use classes are also unclear or imprecise in most datasets and direct comparisons between them may be problematic. Fig. 2 shows the historical changes in cropland areas that occurred in China from 1700 to 2009, taken from various data sources. All studies show that cropland areas increased from 1700 to 1950, but the SAGE and ZHOU datasets stand out from the others, with the former showing an extremely rapid increase in cropland areas of up to 230 Mha from 1700 to 1950, followed by a steep decrease after 1950.
Results

Cropland
Whereas the magnitude of the increase in cropland areas from 1700 to 1950 is significantly higher in SAGE than elsewhere, as mentioned above, the rates of the cropland increase given by the other three long-term datasets, HYDE, LIU and GE2 are smaller and also similar, averaging 0.188 Mha/yr. LIANG and ZHANG seem to present similar changes throughout the studied periods. Despite the similar rates, the total magnitude of the cropland areas reconstructed from LIU is consistently larger than GE1 by 30 Mha.
Cropland areas peaked in about 1890 and again in 1955 according to LIU and GE2, but not according to HYDE. Historical records revealed the occurrence of serious droughts in 1928-1931 and waterlogging in 1933-1934 , which both led to a decrease in cropland areas (Gao, 1994) . Population was recognized as the most important driver of land-use change (Bilsborrow and Ogendo, 1992; Klein Goldewijk, 2001; Liu and Tian, 2010) . Events that occurred between the mid-19th century and 1949 (the year of the foundation of the People's Republic of China), especially China's war of resistance against Japan (1937) (1938) (1939) (1940) (1941) (1942) (1943) (1944) (1945) , caused both social unrest and population fluctuations which were the leading causes of land-use change during those periods. Nevertheless, cropland areas were not significantly reduced during those two periods, which suggests that disasters and wars were not the main cause of land-use change at that time.
Since 1912, more datasets have become available (FAO, GE1, DANG, FENG, ZHOU, CPRI, CARI, and XU, Fig. 3 inset) . GE, FENG and CARI indicate similar trends and quantities; CPR and XU were the largest after 1912. All datasets except GE display a consistent increase in cropland areas from 1949 until 1956, which may have reflected the "Land to the Tiller!" land reform program that encouraged laborers' enthusiasm and was related to the input of chemical fertilizer, farm machinery and government financial support. The datasets display unexpected discrepancies after 1949, based on different state statistics. FAO, DANG and CPR datasets show a decreasing trend after 1956. FAO data shows a dramatic jump from 1981 to 1992, contrary to the trend indicated by FENG. All datasets show a decreasing trend after 1990. It is difficult to determine which dataset provides the most accurate information, as all studies used quite different data sources and probably used different accounting methods.
On the left is displayed the data for China as a whole in 1735, 1933 and 2000, using a modern-day baseline map (also for forest, urban and grassland). The right-hand panels show county-scale information for Jiangsu and Anhui Provinces (highlighted in red in left-hand-side maps) for the same years. The gray sections observed in the 1735 and 1933 datasets are for Mengxin and Qingzang Provinces, for which reliable reconstructed data is not available. Upper left: both figures are from D7 and D8. Upper right: both figures are from D18. Others are from D26 after calculation (see Table 1 for details). Fig. 4 shows the spatial pattern of historical changes of cropland areas as percentages of cropland for a given area. The increasing trend observed in Figs. 2 and 3 is mirrored in the cropland spatial distribution, with the greatest increase occurring in eastern China-specifically, croplands in the three north-eastern provinces of Heilongjiang, Jilin and Liaoning, and in Henan, Jiangsu and Anhui, which experienced a relatively larger expansion. As Fig. 3c shows, the major agricultural production provinces are Shandong, Henan, Anhui, Hunan, Hebei and Jiangsu (locations in Fig. 1 ). In 2000 (Fig. 4c ) a regional pattern similar to that of the other two years is evident (Fig. 4a, b) .
In the three north-eastern provinces, the area of cultivated land has grown almost exponentially over the last 300 years, most markedly in the past 100 years. The rate of reclamation (cropland as a proportion of total land use) has jumped from 10% to more than 20% (Ye et al., 2006) . The reclamation changes were due to population increase (Zhao et al., 2002) , wars, policy, natural environmental changes (Ge et al., 2003) and human activity (Zeng et al., 2011) , but it has been argued that they were mainly the response of the populace to economic opportunity (Lambin et al., 2001 ). The areas in eastern and western Jiangsu and Anhui Provinces (right-hand panels, Fig. 4 ) evidently experienced a huge expansion.
Forest
The areal extent of China's forest coverage has seen dramatic changes over the past few millennia, dropping from 60% about 4000 years ago to 17% by 1840, then to 12.5% before the foundation of the People's Republic of China in 1949 (Fan and Dong, 2001 ). Fig. 6 shows the spatial Table 1 for details). distribution of forests in China in the years 1700, 1800, 1940 and 2000. Indeed, GE1 (Ge et al., 2008b) estimated that the forest area was more than halved, from 248.13 Mha to 109.01 Mha, between 1700 and 1949. Most of China's deforestation in modern times took place between 1840 and 1949 (Fan and Dong, 2001 ) notably as a result of the large Chinese population increase over the past 300 years, which caused large food and fuel demands and stresses on natural resources.
Based on the dataset D10, LING estimated the forest area and coverage rate in terms of provincial units in the 1990s (Ling, 1983) . The HE results from 1750 to 1900 are based on the historical statistical data from the Qing Dynasty, and current research results and LIU forest data from 1949 to 1990 is derived from six forest censuses. All databases indicate that China's forest cover decreased from 1700 to 1950, then increased until 2000 (Fig. 5) .
Both the time series and spatial distribution reflect a significant decrease in forest cover area, notably in the southern and north-eastern areas. For instance, LIU suggested that forests shrank rapidly while cropland expanded in NE and SW China between 1700 and 2005. It is worth noting that forest coverage in those areas is larger than in other provinces. The forested areas in the three north-eastern provinces (Heilongjiang, Jilin and Liaoning) did not change appreciably between 1700 and 1800, but significant deforestation took place in the next 200 years to 2000. In western and eastern Liaoning Province, and along the Yalu River and Changbai Mountains, the natural vegetation was completely destroyed (Ye et al., 2009b) . Since the foundation of New China in 1949 there has been a substantial increase in forested areas, particularly in southern China.
Although it has been possible to gain important information regarding forest coverage, there remain many discrepancies between data at the province scale (He et al., 2008) and county scale (Ye et al., 2009b) , highlighting the need for further work on the collection and re-analysis of historical forest data at the county scale.
Urban
Reconstruction of historical changes in urban areas is complicated by the lack of reliable historical information. Only two datasets contain information on long-term changes in urban land cover (Fig. 7) , often with the aid of more, and better, subnational (population) data to improve the historical (urban and rural) population maps as one of the major driving forces for allocation of land cover (Klein Goldewijk, 2005 ). The LIU data shows a constant increase in urban areas from less than 2 Mha in 1700 to approximately 6 Mha by 1950, followed by a rapid growth to more than 18 Mha in the subsequent 50 years to 2000. The HYDE reconstruction, however, indicates more-or-less constant urban land use area until 1950, followed by a slow increase to 4 Mha in 2000. The GE database includes changes only from 1950 onwards, divided into four development phases: an initial stage (1949) (1950) (1951) (1952) (1953) (1954) (1955) (1956) (1957) , a "rolling" phase (1958) (1959) (1960) (1961) (1962) (1963) (1964) (1965) , a stagnation phase (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) and a continued development phase (1978-present) (Ge et al., 2008a) (Fig. 8) .
HE (D5) was the only dataset showing the spatial pattern of urban areas in the 18 provinces in 1820 during the Qing Dynasty. At that time, urban areas covered a total area of 1987.44 km 2 , mostly concentrated in the Zhili Province (incorporating the present Beijing, Tianjing, and Hebei Provinces), Shandong Province, Shanxi Province, Henan Province, Jiangsu Province, Zhejiang Province and Fujian Province. Lower population densities were characteristic of the southern provinces of Guangxi and Guangdong. The pattern of urban development at that time was consistent with the modern 21st-century pattern, wherein coastal cities develop more rapidly than inland areas. Driving forces related to the dependency on urban areas include geographical pattern differences (Yan and Lin, 2004) , the availability of natural resources, economic development and population growth (Zhang et al., 2011) , demographic change, and changes in land-use policies and regulations (Liu et al., 2005b) . 
Grassland
Accurate historical data related to grassland cover in China is even more scarce than for urban areas, although useful data does exist for the three northern provinces. Only the HYDE dataset provides long-term historical information on grassland changes; this duplicates recent post-1961 changes provided by the FAO data (Fig. 9 ).
China's total area of grassland relatively slowly increased until 1950, then rapidly expanded until 2000, from which time it has decreased, perhaps attributable to the establishment in 1999 of the "Grain for Green Project", the world's largest ecological engineering project, aimed at increasing the total extent of grassland areas in China. The three north-eastern provinces were typically abundant in forests and grasslands, with the latter covering almost 40% of the total area during the past 300 years. However, this proportion decreased by 10% between 1900 and 1950, notably as a result of wars and the expansion of croplands (Ye et al., 2009b) .
As Fig. 10 shows, some areas of grassland showed a relatively rapid increase during the past 300 years, with the highest coverage being located mainly in north-western China. The mismatches between HYDE and LIU in 2000 probably derive from the different definitions of grassland adopted. In HYDE 3.1, grassland refers to permanent meadows and pastures which grow herbaceous forage crops, both cultivated (grazing land) or native (wild prairie); in LIU it is defined as herb-based grassland which is only taken into account if it covers more than 5% of the area.
Discussion
Most of the available historical data for cropland and forest covers land-use changes that were directly linked with the human population and with ecological systems, while data for urban and grassland areas is relatively scarce except in global datasets. Even for cropland, the spatial coverage of the historical archives is not evenly distributed. Detailed spatial information at the county level is available for certain time periods for several provinces (Shangdong, Henan, Jiangsu and NE China), while very little information is available for NW China. It is also of interest to point out that the definition of land-use classifications varies between datasets to the extent that it is difficult, if not impossible, to combine the information satisfactorily. Therefore, the uncertainties and gaps in knowledge of the spatial and temporal changes pose the greatest challenge to an accurate estimation of historical land use.
Both SAGE and HYDE 3.1 provide continuous information on land-use changes in China, but they show significant differences in total quantities and spatial distribution of cropland areas in NE China, despite the abundant data available for carrying out historical reconstruction of land use change (Li et al., 2010) . Regional data based on historical archives provides better explicit information on spatial patterns, but the time-resolution of these datasets is generally low and inconsistent, and gathering and translating it into land use information are not a straightforward matter. Combining various techniques and input resources to provide better information of reconstruction would be the best solution.
Although cropland, forest, urban and grassland changes have had their own driving factors, the analysis of large numbers of historical documents revealed that there are also internal relationships between the four kinds of land use patterns, both in spatial distribution and total area (Klein Goldewijk, 2001 ). The GE data (Ge et al., 2008b) indicated that certain periods were characterized by an "anti-correction" between forest and cropland areal extent. For example, the Qing Dynasty (1644-1911) was a time of rapid increase in cropland and a correspondingly rapid decrease in forest. Lambin et al. (2001) argued that land-use policies and projections of the future role of land-use change in the Earth system dynamics must not only capture the complex socioeconomic and biophysical drivers of land-use change but must also account for the specific human and environmental conditions under which the drivers of change operate. Fig. 11 illustrates the historical population trends in China. It shows parallel trends of urban expansion and cropland increase until 1950, indicating their close interrelationship. An accurate estimation of historical population data is crucial for the reconstruction of historical land use change, since most inverse models rely heavily on the mechanisms of human-environment interactions which still require intensive research.
Summary and conclusions
The reconstruction of historical land use in China is relevant to research into climate change, biogeochemical evolution and ecological evolution, and has attracted considerable attention in recent years. This study aimed to review all available land-use datasets relevant to China over the past 300 years, focusing on changes in cropland, forest, urban and grassland areas. However, accurate estimates of historical LUCC are still challenged by much uncertainty and gaps in the knowledge of spatial and temporal changes. Most of the available information, both historical and contemporary, relates to cropland and forested land. Further research is encouraged to develop ways of combining the various methods and data sources, particularly for incorporating global data into regional studies, in order to provide a better understanding of the relationship between human activity and environmental conditions.
